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Bipolar disorders: is there an influence of seasonality or
photoperiod?
Andrea Aguglia, Antonio Borsotti, Giuseppe Maina
Dipartimento di Neuroscienze Rita Levi Montalcini, Ospedale San Luigi Gonzaga, Universita` degli Studi di Torino, Orbassano, Turin, Italy.
Objective: To increase understanding of the influence of photoperiod variation in patients with bipolar
disorders.
Methods: We followed a sample of Italian bipolar patients over a period of 24 months, focusing on
inpatients. All patients admitted to the Psychiatric Inpatient Unit of San Luigi Gonzaga Hospital in
Orbassano (Turin, Italy) between September 1, 2013 and August 31, 2015 were recruited. Socio-
demographic and clinical data were collected.
Results: Seven hundred and thirty patients were included. The admission rate for bipolar patients was
significantly higher during May, June and July, when there was maximum sunlight exposure, although
no seasonal pattern was found. Patients with (hypo)manic episodes were admitted more frequently
during the spring and during longer photoperiods than those with major depressive episodes.
Conclusions: Photoperiod is a key element in bipolar disorder, not only as an environmental factor
but also as an important clinical parameter that should be considered during treatment.
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Introduction
It is well known that climatic variations affect human behav-
ior, and over the last decade a number of researchers have
thoroughly studied the influence of environmental factors on
the onset and course of major psychiatric disorders, as well
as on their treatment and prognosis.1
The main focus of these studies has been circadian
rhythm, since a strong correlation has been observed between
seasonal variation and impaired adaptation. Circadian rhy-
thms are, above all, variations in physiological and beha-
vioral processes, temperature, hormone secretion, food intake,
sleep, and mood2,3 and are closely related to chronotype
preference. Chronotype, or morningness-eveningness, is
an individual’s preferred period of activity,4 reflecting a cir-
cadian or ultradian propensity for alertness or somnolence.
Three different chronotypes have been identified: morning,
evening and neither (indifferent).5 These rhythms are gene-
rated by endogenous processes and are regulated by
external stimuli, such as daylight, in a 24-hour interval.
Numerous studies agree that bipolar patients display
biological clock abnormalities, which lead to circadian rhythm
alterations, impaired adaptation to environmental stimuli, and
an unstable and hypersensitive mood.1,6,7 These features
not only present serious clinical implications, such as an
higher suicide rates and lower response to treatment, but
also imply the presence of a seasonal pattern.8
Bipolar disorder has long been suspected to involve
sensitivity to the effects of seasons and climate, especially
luminosity. Seasonality and sunlight exposure have been
demonstrated to play a role in the onset of affective recurrences
in bipolar patients and could be considered core symptoms
of bipolar disorder.9 Specifically, patients with (hypo)manic
episodes have higher rates of hospitalization during spring
and summer, when sunlight exposure (i.e., the photoperiod)
is longer,10-14 while patients with major depressive episodes
are mainly admitted during the winter.10,15-17
Photoperiod is defined as the number of hours of day-
light, which can influence an individual’s physiology and
metabolic cycles. Ideal photoperiods are approximately
14 hours in summer and 8 to 9 hours in winter. Studies
have highlighted how sunlight exposure, which varies by
season and latitude, has a positive correlation with peak
admission rates for (hypo)manic and major depressive
episodes. Amr & Volpe conducted a study comparing bipolar
and schizophrenic patients in terms of monthly hospitaliza-
tion rates: the authors reported that sunlight exposure had
no influence on schizophrenic patients, whereas different
admission patterns were observed for affective recurrences
(manic or depressive episode) in bipolar patients.10
More recent studies, however, suggest that the sea-
sonal variation in sunlight exposure is insufficient to
explain circadian rhythm disruption and that other climatic
variables, such as ultraviolet exposure levels, temperature,
snow, rain, and light exposure during early life should be
taken into consideration.18-21
Thus, the aim of our study was to increase under-
standing about the influence of photoperiod variation by
following a sample of Italian bipolar patients over a period
of 24 months, focusing on inpatients.
Methods
Sample
All patients consecutively admitted to the Psychiatric
Inpatient Unit of San Luigi Gonzaga Hospital in Orbassano
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(University of Turin), Italy, over a 24-month period
(September 1, 2013 until August 31, 2015) were included.
All of these patients were from northwest Italy. To avoid the
inclusion of patients who were readmitted during the same
episode, hospitalizations occurring less than 8 weeks after
a previous admission were not considered.
In Italy, the type of psychiatric admission is based
on the subject’s clinical conditions and is regulated by a
mental health law passed in 1980: involuntary treatment
occurs when a patient refuses treatment and immediate
non-hospital treatment cannot be considered under the
circumstances. For this reason, the sample included
patients both voluntarily and involuntarily admitted. During
hospitalization, the status of an inpatient can shift from
involuntary to voluntary, and after 7 days a reassessment
is required to maintain involuntary hospitalization status.22
After the study’s aim and procedures had been thoroughly
explained to them, recruited patients expressed their willing-
ness to participate by signing a written consent form. The
study design was reviewed by the local Ethics Committee.
Assessment
Psychiatric diagnoses were made in accordance with the
DSM-523 at discharge. All diagnoses were made by clini-
cians with at least 5 years of postgraduate clinical expe-
rience and were carefully reviewed by a senior psychiatrist.
Sociodemographic characteristics were collected in a
semi-structured interview and consisted of the patient’s
gender, age, education level, and marital and employment
status, while the clinical characteristics included age of
onset, total length of voluntary and involuntary hospitaliza-
tion, diagnoses, current suicide ideation and/or attempts,
month and season of admission to the psychiatric ward
(autumn was defined as September 21st to December
20th, winter as December 21st to March 20th, spring as
March 21st to June 20th, and summer as June 21st to
September 20th). The hospitalization periods were classi-
fied according to sunlight exposure: spring-summer (s-s)
(highest solar intensity) and autumn-winter (a-w) (lowest
solar intensity).
Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 20.0 (SPSS Inc., Chicago, IL); statistical significance
was set at p o 0.05.
The subjects’ sociodemographic and clinical character-
istics were represented as mean and standard devia-
tion (SD) for continuous variables and as frequency and
percentage for categorical variables.
The total sample was divided in two groups, one of
patients with bipolar disorder, the other of patients with
any other diagnosis.
Since the Kolmogorov-Smirnov test, which determines
whether parametric or non-parametric tests are required,
indicated normal sample distribution, intergroup differ-
ences were analyzed using the Pearson chi-square test
with Yates correction for categorical variables, while the
t-test for independent samples was used for continuous
variables. Comparative analyses of the number of admis-
sions were adjusted for age and gender.
Results
During the 24-month study period, 730 patients were
included, with a mean age of 43.4613.9 years. Of this
total, 311 subjects (42.6%) were female; slightly more
than half of the patients (55.6%) were single, and 33.6%
were employed.
Regarding clinical characteristics, the mean age of
onset was 28.5613.3 years, while the mean duration of
hospitalization was 11.468.9 days. A total of 112 (15.3%)
patients were involuntarily admitted.
The longitudinal diagnoses were distributed as follows:
251 (34.4%) patients had bipolar or related disorders, 192
(26.3%) had schizophrenia, 134 (18.3%) had depressive
disorders and 153 (21.0%) had other diagnoses, such as
personality or substance-related disorders.
Further details about the clinical and sociodemographic
characteristics are summarized in Table 1.
As previously mentioned, the sample was divided into
two subgroups: patients with bipolar disorder (n=251, 34.4%),
and patients with other diagnoses (n=479, 65.6%). When
these two groups were compared, as shown in Table 2,
Table 1 Sociodemographic and clinical characteristics of the
total sample
Total sample (n=730)
Gender (female) 311 (42.6)
Age (years), mean 6 SD 43.42613.91
Education level
Elementary school 67 (9.2)
Middle school 352 (48.2)
High school 257 (35.2)
Higher education 54 (7.4)
Marital status
Single 406 (55.6)
Married 190 (26.0)
Divorced 106 (14.5)
Widowed 28 (3.9)
Employment status: currently employed 245 (33.6)
Age at onset (years), mean 6 SD 28.47613.30
Suicide
Ideation 122 (16.7)
Attempt 77 (10.5)
Admission
Involuntary 112 (15.3)
Voluntary 618 (84.7)
Duration of hospitalization, mean 6 SD 11.4268.91
Diagnosis
Bipolar and related disorders 251 (34.4)
Schizophrenia and related disorders 192 (26.3)
Depressive disorders 134 (18.3)
Others 153 (21.0)
Data presented as n (%), unless otherwise specified.
SD = standard deviation.
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patients with bipolar disorder included more females
(49.4 vs. 39.0%, p = 0.007) and had a significantly higher
mean age (46.1612.6 vs. 42.0614.4 years, p o 0.001).
Additionally, patients with bipolar disorder had a higher
education level (41.8 vs. 31.7%, p o 0.001) and were
more likely to be employed (39.0 vs. 30.7%, p = 0.023) and
married (31.5 vs. 23.2%, p o 0.001).
Regarding the clinical characteristics, the bipolar group
was admitted involuntarily more frequently (22.7 vs. 11.5%,
p o 0.001) and for significantly longer durations (14.76
8.6 vs. 9.768.6 days, p o 0.001). No significant dif-
erences were found with respect to suicide ideation and/or
attempts.
Figure 1 shows the monthly admission prevalence
according to longitudinal diagnosis. The hospitalization of
bipolar patients showed significant peaks during the
months with more sunlight: the greatest differences with
the mixed control group were in May (8.0 vs. 5.8%), June
(12.7 vs. 5.6%), and July (10.4 vs. 6.3%).
No significant differences were found for seasonality,
despite the slightly higher admission prevalence in spring for
patients with bipolar disorder, as shown in Table 3. How-
ever, patients with bipolar disorder reported a significantly
higher prevalence of (hypo)manic episodes during spring-
summer (i.e., the greatest period of solar intensity) than the
mixed control group (51.4 vs. 42.4%, p = 0.020).
Table 2 Sociodemographic and clinical characteristics in the two subgroups
Bipolar disorder (n=251) Other diagnoses (n=479) t/w2 df p-value
Gender (female) 124 (49.4) 187 (39.0) 7.23 1 0.007
Age (years), mean 6 SD 46.11612.57 42.01614.37 -3.82 728 o 0.001
Education level
Elementary 14 (5.6) 53 (11.1) 25.46 3 o 0.001
Middle school 102 (40.6) 250 (52.2)
High school 105 (41.8) 152 (31.7)
Higher education 30 (12.0) 24 (5.0)
Marital status
Single 113 (45.0) 293 (61.2) 17.96 3 o 0.001
Married 79 (31.5) 111 (23.2)
Divorced 48 (19.1) 58 (12.1)
Widowed 11 (4.4) 17 (3.5)
Employment status: currently employed 98 (39.0) 147 (30.7) 5.16 1 0.023
Age at onset (years), mean 6 SD 28.76611.89 28.32613.99 -0.42 728 0.676
Suicide
Ideation 44 (17.5) 78 (16.3) 0.18 1 0.668
Attempt 31 (12.4) 46 (9.6) 1.32 1 0.251
Admission
Involuntary 57 (22.7) 55 (11.5) 15.98 1 o 0.001
Voluntary 194 (77.3) 424 (88.5)
Duration of hospitalization (days), mean 6 SD 14.7268.65 9.6868.56 -7.52 728 o 0.001
Data presented as n (%), unless otherwise specified.
df = degrees of freedom; SD = standard deviation.
Figure 1 Inpatient admission rates by month: comparison between bipolar and other mental disorders.
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When the analyses were restricted to the bipolar group,
patients undergoing a (hypo)manic episode were more
frequently hospitalized during spring (32.8 vs. 18.9%, p =
0.049) and during longer daylight periods (58.5 vs. 42.3%,
p = 0.012) than those undergoing a major depressive
episode.
Analyses adjusted for age and gender confirmed these
findings.
Discussion
The primary aim of our study was to increase under-
standing about the influence of photoperiod variation by
following a sample of Italian bipolar patients over a period
of 24 months, focusing on inpatients.
The first difference that should be highlighted was
gender: bipolar patients were more frequently female than
patients in the mixed control group. This result agrees
with a recent epidemiological study24 and is likely due to a
strong link between the female reproductive hormonal
axis and regulatory mechanisms of sunlight sensitivity.17
Second, a difference in mean age was found. Although
substance intoxication usually involves adolescent patients,
the greater age observed for the bipolar group could
be attributed to the peculiar course of the disorder, with
long free intervals and a progressive worsening of the
symptoms after every affective recurrence; thus, treatment
is often delayed. During the first (hypo)manic and/or major
depressive episode, for example, patients with bipolar
disorder usually do not feel the need to be treated. More-
over, bipolar patients usually achieve better social and
work functioning than patients with other diagnoses (such
as schizophrenia, personality disorder or substance abuse
disorder), which is corroborated by the overall higher
education level and prevalence of married and working
subjects.25-27
Regarding suicide attempts in the bipolar group,
our results were similar to international averages, which
range from 11 to 19%.28-30 However, we found no signi-
ficant difference between bipolar patients and those with
other diagnoses, in contrast with the literature.30,31 This
might be explained by the different suicide risk rates of the
psychiatric disorders included in the mixed control group.
Finally, higher involuntarily admission rates were observed
for bipolar patients. This also agrees with the international
data, which indicates that bipolar disorder is one of the
main causes of involuntary admission.10,15,32
The focus of our study, however, was on analyzing
admission rates during different months and seasons
among the two subgroups. Seasonality has been defined
as ‘‘a driving force that has a major effect on the spatio-
temporal dynamics of natural systems and their popula-
tions.’’33 The fact that our results showed a slightly higher
prevalence in admission rates during autumn and winter
months could be explained by two factors: on the one
hand, a slightly higher rate of admission in autumn-winter
for unipolar major depression (17.2 vs. 19.3%) and for
schizophrenic and other psychoses (23.8 vs. 28.4%) and,
on the other hand, the greater length of admissions for
manic episodes during spring-summer, which reduced
hospital bed turnover and, consequently, the number of
admissions in these months.
Numerous studies have indicated that sunlight intensity
is positively correlated with the number of mania admis-
sions and negatively correlated with bipolar depression
admissions.8,14,21 Considering monthly admission rates,
our results agreed with the international literature: the
most interesting finding was the peak of admissions
during May, June and July for patients with bipolar
disorder. This result underscores the higher probability
of admission during the pronounced photoperiod change
between spring and summer, which agrees with numer-
ous recent studies confirming a strong seasonal pattern in
bipolar disorder.9-16,21,34-37
This finding, in light the DSM-5’s focus on seasonal
pattern in bipolar disorder, prompted the following ques-
tion: is seasonality really the most incisive clinical para-
meter for assessing the onset of bipolar disorder, or is it,
rather, greater exposure to sunlight?
The answer is both, if we consider the current affective
recurrence in bipolar disorder, namely subdividing the
bipolar group into (hypo)manic and major depressive
episodes. Our study showed that (hypo)manic episodes
were significantly more sensitive to photoperiod variation,
since admissions peaked during maximum sunlight expo-
sure (i.e., spring-summer). When we assessed the effect
of seasonality (admission rates by single season), the
results showed that patients with (hypo)manic episodes
were admitted more frequently in spring than bipolar
patients with depressive recurrences.
This result agrees with recent reviews9,38 and clinical
trials.8,14,21 Manic episodes peak during spring/summer
and, to a lesser extent, in the autumn, depending on
climatic variations, whereas depressive episodes peak
Table 3 Number of admissions divided by season and
photoperiod
Bipolar
disorder
(n=251)
Other
diagnoses
(n=479) t/w2 df p-value
Season
Spring 67 (26.7) 99 (20.7) 5.74 3 0.125
Summer 62 (24.7) 104 (21.7)
Autumn 61 (24.3) 139 (29.0)
Winter 61 (24.3) 137 (28.6)
Photoperiod
Spring-summer 129 (51.4) 203 (42.4) 5.40 1 0.020
Autumn-winter 122 (48.6) 276 (57.6)
Manic
episode
(n=140)
MDE
(n=111)
Season
Spring 46 (32.8) 21 (18.9) 7.73 1 0.049
Summer 36 (25.7) 26 (23.4)
Autumn 28 (20.0) 33 (29.7)
Winter 30 (21.4) 31 (27.9)
Photoperiod
Spring-summer 82 (58.5) 47 (42.3) 6.27 1 0.012
Autumn-winter 58 (41.5) 64 (57.7)
Data presented as n (%).
df = degrees of freedom; MDE = major depressive episode.
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during early winter and, to a lesser extent, in summer,
with mixed episodes peaking in early spring or mid/late
summer.9 Furthermore, Yang et al. conducted a popula-
tion-based study showing that young adults presented
a higher degree of seasonality in acute admissions
than middle-aged adults, and the polarity of a patient’s
admission index predicted the seasonality of relapse
admissions.16 Symptom dimensions, such as psychosis,
suicidality/aggression, or sex differences follow seasonal
variations and are also influenced by climatic conditions.9
Finally, a recent study conducted on 148 bipolar I patients
found that a seasonal pattern of manic episode admis-
sions was associated with male gender and psychotic
features.13
However, when we compared the bipolar group with the
mixed-diagnosis control group, we found no differences
in seasonality, which was probably due to the counter-
balancing effect of depressive recurrences in bipolar
disorder, whose admissions particularly increased in
autumn.
We could conclude that if bipolar disorder is considered
as single affective recurrences, it shows both seasonality
and photoperiodic patterns. When we consider the diag-
nosis of bipolar disorder as a whole, the significant clinical
variable for the onset of an affective episode is not sea-
sonal pattern but, rather, greater sunlight exposure, which
has also been shown in recent reviews9,36 and clinical
trials.14,21,37
In a clinical study assessing climatic variables and
admissions for mania, Volpe et al., concluded that the
most frequent association is with luminosity: higher tem-
peratures were only significantly involved in regions
where the hottest months coincide with the more day-
light.39 So, it is important to point out that exposure to
sunlight could be considered a useful and significant
clinical parameter for evaluating the course of the illness
and affective recurrences in patients with bipolar disorder
rather than seasonality.
Furthermore, there is emerging evidence that seasonal
effects may vary with latitude, varying more strongly in the
northern hemisphere than in the southern hemisphere.40
Therefore, photoperiod length has a primary mood-altering
role: its variation during different seasons leads to bio-
rhythm adaptation in humans and animals. The photoper-
iod reaches its maximum extension during summer and its
minimum during winter; this environmental pattern reveals
biological and clinical implications for human beings, since
the light stimulus is received by the retina and transformed
into an electrical signal that interacts with the suprachias-
matic nucleus of the hypothalamus (SCN), known as
the main endogenous pacemaker. The SCN regulates the
activity of many organs, the pineal gland above all, in order
to modify biorhythms to better fit seasonal variations.41,42
Bipolar subjects present circadian-related gene mutations
that compromise normal synchronization to environmental
stimuli, such as sunlight, which ultimately leads to neuro-
transmitter dysregulation that mainly affects the noradren-
ergic, serotoninergic, dopaminergic and melatoninergic
systems. The timing of melatonin secretion interacts with
gene transcription in the pituitary pars tuberalis to modu-
late the production of TSH (thyrotropin), hypothalamic T3
(triiodothyronine), and tuberalin peptides, which modulate
the production of regulatory gonadotropins and other hor-
mones in the pituitary gland. Pituitary hormones largely
mediate seasonal physiological and behavioral variations.
Thus, altered interaction between the SCN and the rest of
the body could have repercussions on every level, from
metabolic, circadian and sleep-wake rhythm dysregula-
tions (due to hypothalamus-pituitary-adrenal gland axis
malfunction), to altered and compromised immune res-
ponse, to increased oxidative stress on a cellular level.1,43
Furthermore, certain authors have indicated other
climatic factors, such as humidity, day length, ultraviolet
radiation and temperature, which represent a significant
role in the admission of patients with bipolar disorder,
particularly for (hypo)manic episodes.21,35
Our study has several limitations: first, seasonal,
environmental and/or psychological factors that could
contribute to the onset of an acute clinical event (e.g.,
holidays, stressful life events, general medical condition,
poor adherence to treatment, humidity, temperature,
ultraviolet radiation) have not been taken into considera-
tion and could not be ruled out as contributing factors.
Second, our findings on seasonality are based on hospital
admission date, rather than actual onset of the acute
episode. Third, our data are limited to a single hospital,
and the control group was a mixed sample of psychiatric
diagnoses. Fourth, clinical variables, such as the number
of previous hospitalizations, predominant polarity and a
structured interview for diagnoses are lacking.
In conclusion, bipolar disorder seems to be strongly
linked to compromised communication between biorhythm
pathways, since these patients exhibited an increased
probability of (hypo)manic episodes during maximum
sunlight exposure. Infradian rhythm abnormalities, such
as seasonal aspects in bipolar patients, are well docu-
mented. However, the mechanisms underlying the effects
of the natural seasonal environment on bipolar symptoms
remain unclear. Various aspects, such as the nature and
intensity of environmental factors or the temporal relation-
ship between symptoms and these environmental factors,
need to be investigated.
Identifying patients with such susceptibilities would enable
the development of personalized therapeutic strategies
to prevent affective recurrences38 or of chronotherapeutic
interventions such as sleep deprivation, the blue-blocking
regime in mania (‘‘a virtual darkness therapy’’), or inter-
personal or social rhythm therapy.6,38
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